Paulownia is a fast-growing woody tree, native to the forests of China. It belongs to the family Scrophulariaceae and is mainly used as a source of wood for furniture and musical instruments. Due to its fast-growing nature and high-quality of wood, there has been growing interest in cultivation and research of Paulownia in Nepal. Growth comparison was performed by measuring shoot length in in vitro condition. Among two species of Paulownia -Paulownia tomentosa (Thunb.) Steud and Paulownia fortuneii (Seem.) Hemsl., the growth rate of P. tomentosa was found to be 0.355 cm/week while that of P. fortuneii was found to be 0.637 cm/week in in-vitro conditions in MS medium supplemented with 0.1 mg/l NAA and 1mg/l BAP. Optimization of rooting methods was also performed, in which, sand rooting was found to be easier and more effective than in-vitro rooting. Dipping the plantlets in 1 mg/l of NAA was found to produce longer and denser roots than lower or higher concentrations during sand rooting.
Introduction
Paulownia is a fast-growing, woody tree native to the forests of China [1] . It is a deciduous tree but becomes evergreen in the tropics [2] . It belongs to the family Scrophulariaceae and is majorly used as a source of wood for furniture and musical instruments [3] . It has a very low thermal conductivity making it ideal for construction of insulative structures [4] . Each tree can produce 44 cubic feet of wood in average and can be harvested after 8-10 years of plantation. It is also tolerant to pollutants and can grow in many types of soils. Its leaves and flowers show medicinal properties and can also be used as fodder and fertilizers due to their high nitrogen concentration [5] . Its tolerance to drought and soil extremes makes it commercially important for use in the reclamation of surfacemined land [6] . It is also a suitable raw material for pyrolysis conversion into liquid and gaseous products [7] . The generic name, Paulownia, honors Anna Pavlovna of Russia [8] .
Paulownia tomentosa was first introduced in Nepal in 1988 AD by International Centre for Integrated Mountain Development (ICIMOD) in Godavari. It was normally propagated through seeds but due to seed dormancy and slow seedling growth, tissue culture products have been used. Among the several species of Paulownia, Paulownia tomentosa (Thunberg) Steudel and Paulownia fortuneii (Seemann) Hemsley are the most widely used species in the context of Nepal. The former is usually found below an altitude of 1800m while the latter is usually found below an altitude of 2000m [1, 9] . Due to the booming market for Paulownia plants in Nepal, the plantlets have to be manufactured in huge amounts which can be performed by tissue culture. But there have been no publications of research about the in-vitro growth statistics and very few data regarding lab-to-land techniques like acclimatization and rooting methods. In this study, we aim to compare the in-vitro growth statistics of the two species to shed light on their growth patterns. Furthermore, we have extrapolated the type and concentrations of hormones and the method of rooting required for optimal root initiation.
Materials and Methods

Sample and Material Collection
Two different species of Paulownia, namely, Paulownia tomentosa and Paulownia fortuneii were used in this experiment. Paulownia fortuneii samples were brought in sterile culture jars from the Department of Plant Resources (DPR), Thapathali. 
Multiplication
Due to the requirement of a high number of plants, the samples were mass propagated in MS medium supplemented with hormone concentrations of 0.1 mg/l Naphthalene Acetic Acid (NAAmanufactured by Sigma Chemical Co.) and 1 mg/l Benzyl Amino Purine (BAP -manufactured by S.D. Fine-Chem Limited) in 150 ml culture vessels. The growth medium and culture equipment were autoclaved (manufactured by Life Steriware) at 121°C temperature and 15 lb./sq. inch pressure and nodal culture of the samples was performed in a Laminar Air Flow Hood (manufactured by Amar Chand & Company (ACCO). As a result, we performed subcultures twice and prepared a total of 30 vessels for each sample, with an average of 5 explants per vessel, which were stored in an incubation room, under fluorescent tube-lights (2000 lux) at a constant temperature of 25°C [1] .
Shoot Growth Comparison
After two subsequent subcultures, we met the required explant number which was estimated to be 250 explants. Following this, nodal cultures were performed using MS medium with 0.1 mg/l NAA and 1 mg/l BAP, with only one explant per vessel, for ease of measurement. 20 vessels were produced for each plant species, which were also stored in the incubation room, under 2000 lux fluorescent tube lights at 25°C temperature. Culture vessels were recorded alongside a scale every week for 7 consecutive weeks [1] .
Rooting Optimization Sand Rooting
In this experiment, a total of 30 culture vessels were removed from the incubation room and exposed to indirect sunlight at room temperature for 10 days for acclimatization process. Nodal cuttings of the invitro plants, including at least one leaf, were prepared and placed into solutions of differing concentrations of NAA (0.5 mg/l, 1 mg/l and 1.5 mg/l) for about 10 minutes. The cuttings were then transplanted into rooting trays packed with autoclave-sterilized wet sand and placed into a polythene chamber. After a week of incubation (with water spraying twice a day) at room temperature, liquid MS media was added to the sand twice a week. The plantlets were removed from the sand after 4 weeks of incubation, for the measurement of root density and length [10] [11] [12] 
In-vitro Rooting
In this experiment, a total of 30 plantlets from culture vessels were transferred into MS media with differing NAA concentrations (0.5 mg/l, 1 mg/l, and 1.5 mg/l). These vessels were stored in the incubation room under 2000 lux fluorescent lights at 25°C temperatures for two months. Plants were carefully extracted from the media using forceps for measurement of root density and length [13, 15] .
Results
In-vitro Growth Statistics
According to the data in Table 1 , P. fortuneii was found to have a higher average growth rate of 0.637 cm (SD=0.22) per week in comparison to 0.355 cm (SD=0.12) per week growth rate of P. tomentosa. There was a significant difference in the growth rates of P. tomentosa and P. fortuneii; t (6)=5.150, p = 0.002. Both the line graphs represented peaks followed by a gradual decline in growth rate. In-vitro growth was found to peak during the 3 rd week for P. tomentosa (0.543 cm) and during the 4 th week for P. fortuneii (0.727 cm). In the following weeks, the growth receded slowly for the rest of the culture period. Within the 7 th week, plant height reached to an average of 5.188 cm (n=16; SD=0.98) for P. tomentosa and 7.197 cm (n=16; SD=1.68) for P. fortuneii.
Rooting Optimization
Sand rooting: Comparative study of root development between two species Out of 64 explants, 35% survived after 4 weeks of incubation in the polythene chamber. Among those, 55% were P. fortuneii samples and 45% were P. tomentosa samples. As shown in Table 2 , the average root length of P. tomentosa samples was estimated to be 3.72 cm (n=11; SD=1.32) and the average root number was calculated to be 10.22 (n=11; SD=5.64). For P.
fortuneii samples, the average root length was estimated to be 3.04 cm (n=12; SD=1.72) and the average root number was calculated to be 7.5 (n=12; SD= 7.38). 
Sand rooting: Comparative study of effect of varying concentrations of auxin (NAA) treatment in root development
As shown in Table 2 , among the surviving samples, 26% had been treated with 0.5 mg/l NAA, 56% had been treated with 1mg/l NAA and 17% had been treated with 1.5 mg/l NAA. Samples treated with 1mg/l of NAA showed highest root density in both P. tomentosa and P. fortuneii. None of the P. tomentosa plants treated with 1.5mg/l NAA survived the sand rooting, but both the average root length and root number from P. fortuneii plants treated with 1.5 mg/l were found to be low. P. fortuneii plants dipped in 0.5 mg/l NAA showed the highest average root length of 4cm (n=3; SD=1.32).
In-vitro rooting: Comparative study of root development between two species
Callus formation was observed in all the in-vitro rooting samples. Root initiation was observed after 3 weeks of sub-culture. Out of 13 viable samples, 38% were P. tomentosa samples and 61% were P. fortuneii samples. As shown in Table 2 , the average root length of P. tomentosa samples were observed to be 1.96 cm (n=5; SD=0.44) and the average root number was calculated to be 2.15 (n=5; SD=1.04). For P. fortuneii samples, the average root length was observed to be 3.39 cm (n=8; SD=1.09) and the average root number was calculated to be 3 (n=8; SD= 1.25).
In-vitro rooting: Comparative study of effect of varying concentrations of auxin (NAA) treatment in root development
As shown in Table 2 , among the viable samples, 38% had been treated with 0.5 mg/l NAA, 38% had been treated with 1 mg/l NAA and 23% had been treated with 1.5 mg/l NAA. Samples treated with 0.5mg/l NAA showed the highest average root length and density for P. tomentosa, while samples treated with 1.5mg/l showed the highest average root length and density for P. fortuneii.
Comparison of root length and root number between in-vitro rooting samples and sand rooting samples
As shown in 
Conclusion
In the comparison of in-vitro growth statistics of P. tomentosa and P. fortuneii, the latter was found to have higher average growth rate. Growth curves were found to peak at 3 rd and 4 th weeks respectively for the two species.
In the study to optimize rooting, P. tomentosa was found to have higher root length as well as root density during sand rooting, but P. fortuneii showed better root development in in-vitro conditions. Among the different concentrations of NAA, 0.5 and 1 mg/l were found to bear the best results during sand rooting. In case of in-vitro rooting, 0.5 and 1.5 mg/l concentrations of NAA were found to give better roots.
Comparison between the two rooting techniques showed that sand-rooting is the better method for root induction in case of Paulownia plants as both P. tomentosa and P. fortuneii demonstrated better results during sand rooting.
